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Description 

[0001] The present invention relates to a novel maltohexaose and maltoheptaose-forming amylase, and preparation 
and uses thereof, more particularly, to a maltohexaose and maltoheptaose-forming amylase which mainly forms mal- 
5 tohexaose and maltoheptaose from starch (designated as "AMYLASE" hereinafter) and preparation thereof, as well 
as microorganisms which produce such an amylase, saccharide compositions containing maltohexaose and/or mal- 
toheptaose produced therewith or those containing maltohexaitol and/or maltoheptaitol obtainable by hydrogenating 
the maltohexaose and maltoheptaose, and compositions containing these saccharides. 

[0002] Methods for specifically producing maltooligosaccharides such as maltose and maltotetraose by allowing 
10 specific amylases to act on starch have been employed in an industrial scale, and widely used in processes of com- 
positions such as foods and pharmaceuticals. Demands for saccharides containing a relatively-large quantity of mal- 
tooligosaccharides such as maltohexaose and maltoheptaose have been increased because, among maltooligosac- 
charides, those with a relatively-low molecular weight are considerably-low in sweetness, readily digestible and ab- 
sorbable. 

15 [0003] Enzymes or amylases, derived from microorganisms, which produce a relatively-large amount of maltohex- 
aose when act on starch are known, but no amylase which forms maltooligosaccharides higher than maltoheptaose 
has been known. 

[0004] Amylases which mainly produce maltohexaose from starch can be roughly classified into two groups based 
on their actions. The one is an exo-type maltohexaose-forming amylase which hydrolyzes amylaceous substances so 

20 as to remove successive maltohexaose units from the non-reducing chain ends, namely, maltohexaohydrolase (EC 
3.2.1.98), and the other is an endo-type maltohexaose-forming amylase, namely, endo-type oc-amylase (EC 3.2.1.1) 
which acts on internal amylaceous saccharide chains to produce maltohexaose in a relatively-large quantity. 
[0005] Kainuma et al. reported in FEBS Letters , Vol.26, pp.281 -285 (1972) a microorganism of the species Aero- 
bacter aerogenes which intracellular^ forms an exo-type maltohexaose-forming amylase which is characteristic of its 

25 relatively-low optimum temperature and thermal stability, but it is insufficient in heat tolerance for an industrial use. 
[0006] J. F. Kennedy et al. reported in Starch, Vol.31, pp. 235-241 (1979) a microorganism of the species Bacillus 
subtilis forms an endo-type maltohexaose-forming amylase, and Takasaki reported in Agricultural and Biological Chem- 
istry , Vol.46, pp. 1539-1 547 (1982) a microorganisms of Bacillus circulans G-6 forms such an amylase. Taniguchi re- 
ported in Denpun Kagaku (Starch Science), Vol.29, pp.1 07-11 6 (1982) a microorganism of the species Bacillus circu- 

30 lans F-2 forms such an amylase, and Hayashi et al. reported in Agricultural and Biological Chemistry , Vol.52, pp. 
443-448 (1988) a microorganism of the species Bacillus sp. H-167 forms such an amylase. It has been known that, 
among these amylases produced from such microorganisms, those from Bacillus circulans G-6, Bacillus circulans F- 
2 and Bacillus sp. H-167 form maltohexaose from starch in the maximum yield of about 25-30 w/w %, on a dry solid 
basis (d.s.b.), (the wording "w/w %" is designated as "%" hereinafter, if not specified otherwise), but they do not form 

35 maltoheptaose, and further they hydrolyze maltohexaose into maltose and maltotetraose as their enzymatic reactions 
proceed. 

[0007] Now referring to amylases derived from microorganisms of the species Bacillus subtilis , they only form about 
25% maltohexaose from starch and do not hydrolyze maltohexaose. Such amylases are not suitable for an industrial- 
scale production of high maltohexaose content saccharides because they do not form maltohexaose in a satisfactorily- 
40 high yield while forming a relatively-large quantity of lower molecular oligosaccharides under starch saccharification 
conditions, and because they could not be readily obtained in quantity from microorganisms. 

[0008] In Agricultural and Biological Chemistry, Vol.42, pp. 259-267 (1978) reported that a purified oc-amylase, pre- 
pared from malts, mainly forms maltohexaose and maltoheptaose during the early stage of the enzymatic reaction 
when acts on starch. It is also reported that the formed maltohexaose and maltoheptaose are decomposed almost 
45 completely into lower molecular oligosaccharides such as maltose and maltotetraose as the enzymatic reaction pro- 
ceeds, and, therefore, it hardly produces saccharified products, mainly containing maltohexaose and maltoheptaose, 
from starch. 

[0009] The present inventors pursued a novel amylase which mainly forms maltohexaose and maltoheptaose from 
starch and screened microorganisms which form such an amylase and have overcome the object. As a result, they 

50 found that a novel microorganism of the genus Alcaligenes or Alcaligenes latus D2271 , isolated from a soil nearby 
Komagatake in Yamanashi, Japan, forms a novel amylase which forms a relatively-large quantity of maltohexaose and 
maltoheptaose from starch (sometimes designated as "AMYLASE" in the specification), established the preparation 
of saccharide compositions containing maltohexaose and/or maltoheptaose by allowing the amylase to act on amyla- 
ceous substances, and also established compositions such as food products, cosmetics, pharmaceuticals and shaped 

55 products. Thus, they accomplished this invention. 

[0010] The present invention will now be described in further detail, by way of example only, with reference to the 
accompanying drawings, in which: 
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FIG. 1 illustrates the influence of temperature on the activity of the present AMYLASE. 
FIG. 2 illustrates the influence of pH on the activity of the present AMYLASE. 
FIG. 3 illustrates the influence of temperature on the stability of the present AMYLASE. 
FIG. 4 illustrates the influence of pH on the stability of the present AMYLASE. 

[001 1 ] The present invention aims to provide a novel amylase which forms a relatively-large quantity of maltohexaose 
and maltoheptaose from starch but does not substantially decompose the formed maltohexaose and maltoheptaose, 
and to preparations of saccharide compositions containing maltohexaose and/or maltoheptaose by using the amylase, 
as well as to uses of the saccharide compositions. 

[0012] The results of an identification test of the novel microorganism Alcaligenes latus D2271 according to the 
invention are as shown in the below. The test was carried out according to the method as described in Biseibutsu-no- 
Bunrui-to-Dotei (Classification and Identification of Microorganisms), edited by Takeharu Hasegawa, published by 
Gakkai Publishing Center, Tokyo, Japan (1985). 

A. Morphology 

(1) Characteristics of cells formed when incubated at 27°C in agar with potato dextrose 

Existing in a bacillus form with a size of 0.7-1 .3 x 1 .3-2.4 jum, and usually existing in a single form, but uncom- 
monly existing in a coupled- or linked-form; 
Possessing motility, asporogenicity and flagellum; 
Non-acid fast; 
Gram stain : Negative; 
Accumulating poly-p-hydroxy butyrate; 

(2) Characteristics of cells formed when incubated at 37°C in agar with yeast extract and malt extract 
Existing in a size of about 0.5-1 .0x1 .3-2.4 jim after 24-hour incubation, and in a size of about 0.5-1 .0 x 1 .0-2.5 
|um after 72-hour incubation; 

Existing in a single form; 

B. Cultural property 

(1) Characteristics of colony formed when incubated at 37°C in agar plate with potato dextrose 

Shape : Circular colony having a diameter of about 1 mm after 24-hour incubation, and about 3-4 mm after 
96-hour incubation; 
Rim : Entire; 
Projection : Umbilicate; 
Gloss : Dull; 

Surface : Creases-like; and 
Color : Opaque, white or ocher; 

(2) Characteristics of colony formed when incubated at 37°C in agar plate with yeast extract and malt extract 
Shape : Circular colony having a diameter of about 3-5 mm after 96-hour incubation; 

Rim : Entire; 

Projection : Half-lens type; 
Gloss : Glistening; 
Surface : Smooth; and 
Color : White or creamy; 

(3) Characteristics of colony formed when incubated at 37°C in slant agar with potato dextrose 
Growth : Satisfactory; 

Shape : Thread-like; 

(4) Characteristics of colony formed when stab cultured at 37°C in gelatin plate with yeast extract and malt 
extract Liquefied; 

C. Physiological properties 

(1) Reduction of nitrate Positive in succinate medium; 

(2) Denitrification reaction : Negative; 

(3) Methyl red test : Negative; 

(4) VP-test : Negative; 

(5) Formation of indole : Negative; 
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(6) Formation of hydrogen sulfide : Negative; 

(7) Hydrolysis of starch : Positive; 

(8) Utilization of citric acid : Negative; 

(9) Utilization of inorganic nitrogen source: Utilizing ammonium salts and nitrates; 
5 (10) Formation of pigment : Negative; 

(11) Urease : Positive; 

(12) Oxidase : Positive; 

(13) Catalase : Positive; 

(14) Growth conditions : Growing at a pH in the range of 5-8 and a temperature in the range of 10-41°C; 
10 (15) Oxygen requirements : Aerobic; 

(16) Utilization of carbon source and acid formation: 



15 



25 
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+ 
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(17) Decarboxylase test on amino acid : Negative against L-lysine, L-arginine and L-ornithine; 

(18) DNase : Negative; 

(19) Formation of 3-ketolactose : Negative; and 

(20) Mol% guanine (G) plus cytosine (C) of DNA : 67%. 



[0013] The bacteriological properties were compared with those of known microorganisms with reference to Bergey's 
Manual of Systematic Bacteriology , Vol.1 (1984). As a result, it was revealed that the microorganism was identified as 
a microorganism of the species Alcaligenes latus. 

[0014] Based on these results, the present inventors named this microorganism " Alcaligenes latus D2271", and 
deposited it on February 23, 1994, in Fermentation Research Institute, Agency of Industrial Science and Technology, 
Ibaraki, Japan. 

[001 5] The deposition of the microorganism was accepted on the same day and has been maintained by the institute 
under the accession number of FERM BP-4578. 

[0016] In addition to the above-identified microorganism, other strains of the species Alcaligenes latus and their 
mutants can be suitably used in the invention as long as they produce the present AMYLASE. 
[0017] Any nutrient culture medium can be used in the invention as long as these microorganisms can grow therein 
and produce the present AMYLASE, and therefore synthetic- and natural-nutrient culture media can be used as a 
nutrient culture medium. Any carbon-containing substance can be used in the invention as a carbon source as long 
as it is utilized by the microorganisms: Examples of such carbon sources are saccharides such as maltose, dextrin 
and starch; and natural substances of saccharides-containing substances such as theriac and yeast extract. The con- 
centration of these carbon sources used in nutrient culture media are appropriately chosen dependently on the type 
of carbon resources used. For example, preferable concentrations of starch used in media are usually 20% or lower, 
more particularly, 5% or lower, d.s.b., in view of the growth of microorganisms. The nitrogen sources usable in the 
invention are, for example, inorganic nitrogen compounds such as ammonium salts and nitrates; and organic nitrogen- 
containing substances such as urea, corn steep liquor, casein, peptone, yeast extract and beef extract. The inorganic 
ingredients usable in the invention are, for example, calcium salts, magnesium salts, potassium salts, sodium salts, 
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phosphates and other salts of manganese, zinc, iron, copper, molybdenum and cobalt. 

[0018] The microorganisms used in the invention are cultured under aerobic conditions at a temperature, usually, in 
the range of 10-40°C, preferably, in the range of 25-37°C, and at a pH in the range of 5-8, preferably, in the range of 
6-7.5. The cultivation time used in the invention is set to a time longer than that required for the growth initiation of the 
5 microorganisms, preferably, 1 0-1 00 hours. The concentration of dissolved oxygen (DO) in nutrient culture media is not 
specifically restricted, but usually it is set to a level in the range of 0.5-20 ppm. The concentration of DO can be kept 
within the range by controlling aeration, stirring and aeration with oxygen, and/or increasing the inner pressure of 
fermenters. The cultivation is carried out batchwise or in continuous manner. 

[0019] After completion of the cultivation of microorganisms, the present AMYLASE is collected from the resultant 
10 cultures. When the activity of the present AMYLASE is present in the resultant nutrient culture media which can be 
used intact as a crude enzyme. Conventional liquid-solid separation methods can be employed in the invention as a 
method for separating microorganisms from nutrient culture media. For example, methods for directly centrifuging 
cultures, filtrating cultures with precoat filters, and separating microorganisms by membrane filtration using plain filters 
or follow fibers can be suitably used. Cultures free of microorganisms can be used as a crude enzyme, and, preferably, 
15 they can be concentrated by conventional manner prior to use: For example, salting out using ammonium sulfate, 
sedimentation using acetone and alcohol, and concentration using membranes such as plain filters and follow fibers 
can be used. 

[0020] Cultures free of microorganisms and concentrates thereof can be immobilized by conventional methods. Ex- 
amples of such conventional methods are conjugation methods using ion exchangers, covalent bonding- and absorp- 

20 tion-methods using resins and membranes, and inclusion methods using high-molecular weight substances. 

[0021] Crude enzymes can be used without any further treatment or may be purified in usual manner. For example, 
an enzyme exhibiting a single band on electrophoresis can be prepared by dialyzing crude enzyme preparations which 
had been prepared by salting out cultures to remove microorganisms with ammonium sulfate and concentrating the 
resultant solutions. The concentrate was dialyzed, and successively purified on anion-exchange column chromatog- 

25 raphy using "DEAE TOYO PEARL®", commercialized by Tosoh Corporation, Tokyo, Japan, an anion exchange resin; 
hydrophobic column chromatography using "BUTYL TOYOPEARL®", commercialized by Tosoh Corporation as de- 
scribed above, a hydrophobic resin; and column chromatography using "PHENYL SUPERROSE® HR5/5", commer- 
cialized by Pharmacia LKB Biotechnology AB, Uppsala, Sweden. 

[0022] The present AMYLASE thus obtained has the following physicochemical properties of: 

30 

(1) Acting 

Mainly forming maltohexaose and maltoheptaose when acts on starch, but not substantially hydrolyzing lower 
molecular oligosaccharides than maltohexaose and not substantially acting on maltoheptaose; 

(2) Molecular weight 

35 43,00013,000 daltons on sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE); 

(3) Isoelectric point (pi) 

7.6±0.5 on isoelectrophoresis using ampholyte; 

(4) Optimum pH 

About 5.0 in the presence of calcium ion; 
40 (5) Optimum temperature About 70°C in the presence of calcium ion; 

(6) pH Stability 

Stable at a pH in the range of about 4.5-10.5 in the presence of calcium ion; 

(7) Thermal stability 

Stable up to a temperature of about 60°C in the presence of calcium ion; 
45 (8) Promotion of activity and stabilization 

Being promoted its activity and stabilized by calcium ion; 
(9) Inhibition 

Being inhibited by copper ion, lead ion, zinc ion, mercury ion and EDTA. 

50 [0023] The activity of the present AMYLASE is assayed as follows: 0.2 ml of an enzyme solution is added to 5 ml of 
0.3 w/v % soluble starch in 20 mM phosphate buffer (pH 5.5) containing 1 mM CaCI 2 ), and the mixture solution is 
incubated at 40°C for 10 min, followed by sampling 0.5 ml of the resultant solution, and adding the solution to 15 ml 
of 0.02 N sulfate solution to suspend the enzymatic reaction. The resultant is mixed with 0.2 ml of 0.1 N iodine solution, 
stirred, allowed to stand at 25°C for 15 min, and determined its absorbance at a wave length of 660 nm. One unit 

55 activity of the present AMYLASE is defined as the amount of enzyme which diminishes the iodine coloration of 1 5 mg 
soluble starch when reacted at 40°C for 10 min. 

[0024] When used the present AMYLASE to produce saccharide compositions containing maltohexaose and/or mal- 
toheptaose, it is satisfactorily allowed to act on amylaceous substances as a substrate such as starch, amylopectin, 
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amylose and starch hydro lyzates with an industrial view point. If necessary, in the case of producing foods and bev- 
erages containing amylaceous substances, the present AMYLASE can be allowed to act on such foods and beverages 
to form therein maltohexaose and/or maltoheptaose to prevent the retrogradation of the amylaceous substances and 
to prolong the shelf-life thereof. 

[0025] The present AMYLASE is added to a solution, which contains about 5-45% amylaceous substances, and, 
preferably, further contains about 0.5-50 mM calcium salts such as calcium chloride in an amount of 0.5-20 units/g 
amylaceous substance, d.s.b., followed by the enzymatic reaction at a pH of 3-8 and a temperature of 40-90 for 1 -1 00 
hours. 

[0026] To obtain the highest possible content of maltohexaose and maltoheptaose in reaction mixtures, it is desirable 
to allow the present AMYLASE to act on starch hydrolysates which were carefully prepared with acids or a-amylase 
to keep the liquefaction as low as possible, i.e. a DE lower than 10, preferably, a DE lower than 5. 
[0027] In the present enzymatic reaction, the saccharide compositions comprising maltohexaose and maltoheptaose, 
and their contents are readily varied and increased by using the present AMYLASE and other amylaceous substance- 
related enzyme(s) such as cyclomaltodextrin-glucanotransferase (EC 2.4.1.19), a-amylase, (EC 3.2.1.1), p-amylase 
(EC 3.2.1.2), glucoamylase (EC 3.2.1.3), oc-glucosidase (EC 3.2.1.20), pullulanase (EC 3.2.1.41), isoamylase (EC 
3.2.1.68) and maltotetraose-forming amylase (EC 3.2.1.60). 

[0028] To increase the yield of maltohexaose and maltoheptaose is readily feasible by subjecting amylaceous sub- 
stances to the action of the present AMYLASE together with pullulanase and isoamylase. Maltohexaose and malto- 
heptaose can be arbitrarily obtained by using the resultant saccharide compositions as a material which contain about 
30-50%, d.s.b, of maltohexaose and maltoheptaose in total, and by separating the impurities of saccharides and dextrin. 
[0029] As an example of the separation methods usable in the invention, a method using a semipermeable membrane 
as disclosed in Japanese Patent Laid-Open No. 4, 647/73, a method using a precipitant as disclosed in Japanese Patent 
Laid-Open No. 102,854/74, and a method using a strong-acid cation exchange resin as disclosed in Japanese Patent 
Laid-Open Nos. 148,794/84 can be arbitrarily used. These methods enable the preparation of high maltohexaose con- 
tent saccharides and high maltoheptaose content saccharides with a purity of 90% or higher, d.s.b. Especially, methods 
using strong-acid cation exchange resins can be advantageously used in an industrial scale to remove concomitant 
saccharides and to obtain high maltohexaose and/or maltoheptaose content solutions. In this case, any one of fixed 
bed-, moving bed- and semi moving-methods can be employed. 

[0030] Reaction mixtures after enzymatic reaction or solutions prepared by removing concomitant saccharides from 
the reaction mixtures are in usual manner subjected to filtration and centrifugation to remove insoluble substances, 
and the resultant solutions are decolored with an activated charcoal, desalted with ion exchangers in H- and OH-form, 
and concentrated into syrupy products. If necessary, the syrupy products can be readily dried into powdery products 
by spray-drying method, etc. 

[0031] The resultant saccharide compositions, containing maltohexaose and/or maltoheptaose, according to the 
invention usually contain maltohexaose and/or maltoheptaose in an amount of 30% or higher, and, preferably, 40% or 
higher, d.s.b. Although the properties of the powdery products are varied dependently on the content of maltohexaose 
and/or maltoheptaose, the products have a substantial non-hygroscopicity, non-solidification and free-flowing ability, 
and because of these the material- and labor-costs for packaging, transportation and storage can be cut by a large 
margin. 

[0032] The powdery products thus obtained have a substantial non-hygroscopicity and a relatively-high thermal tol- 
erance and stability, and because of these they can be arbitrarily used as a filler, excipient, adjuvant and powdery base 
in a powdery mixed sweetener, instant juice mix, instant soup mix, granule and tablet which have been very difficult to 
prepare. The powdery products can be also used in an instant pudding mix, instant hot cake mix, confectionery material, 
bread material and cereal material by substituting them for the part of or the whole of products in powder form such 
as wheat, corn grits and starch. Saccharide compositions containing maltohexaitol and/or maltoheptaitol with a satis- 
factorily-high chemical stability can be arbitrarily prepared by hydrogenating saccharide compositions containing mal- 
tohexaose and/or maltoheptaose. 

[0033] For example, a saccharide composition containing maltohexaose and maltoheptaose is prepared into a so- 
lution having a concentration of about 40-60%, d.s.b., and the solution is subjected to autoclave, admixed with Raney 
nickel as a catalyst in an amount of about 8-10%, d.s.b., and heated up to a temperature of 90-1 40°C while stirring, 
followed by increasing the hydrogen pressure up to 20-150 kg/cm 2 to terminate the hydrogenation. Thereafter, the 
raney nickel is removed, and, similarly as in the preparation of saccharide compositions containing maltohexaose and/ 
or maltoheptaose, decolored; desalted, purified and concentrated into syrupy products. If necessary, the syrupy prod- 
ucts can be spray-dried into powdery products. 

[0034] The resultant saccharide compositions containing maltohexaitol and maltoheptaitol usually contain malto- 
hexaitol and maltoheptaitol in an amount not less than 30%, d.s.b. The maltohexaitol and/or maltoheptaitol with a high 
purity can be readily obtained by fractionation, similarly as in the preparation of maltohexaose and maltoheptaose, 
comprising removing concomitant saccharides from saccharide compositions containing maltohexaitol and/or malto- 
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heptaitol as a material. 

[0035] The above-mentioned saccharide compositions containing maltohexaose and/or maltoheptaose, or those 
containing maltohexaitol and/or maltoheptaitol can be arbitrarily used as a low sweetener, filler, viscosity-controlling 
agent, moisture-retaining agent, gloss-imparting agent, flavor-preserving agent, crystallization-preventing agent, stick- 
iness-preventing agent for candy, and starch retrogradation-preventing agent. The saccharide compositions can be 
arbitrarily used in foods, beverages, feeds, cosmetics, pharmaceuticals and shaped products as an energy-supple- 
menting agent, and also used in a variety of compositions such as household commodities, materials for agriculture 
and forestry, chemical reagents, and materials for chemical industry. 

[0036] Although the saccharide compositions containing maltohexaose and/or maltoheptaose or those containing 
maltohexaitol and/or maltoheptaitol have a relatively-low sweetness, they can be used intact as a seasoning for sweet- 
ening. If necessary, they can be used together with adequate amounts of one or more other sweeteners, for example, 
powdered syrup, glucose, maltose, sucrose, isomerized sugar, honey, maple sugar, sorbitol, maltitol, lactitol, dihydro- 
charcone, stevioside, cc-glycosyl stevioside, rebaudioside, glycyrrhizin, L-aspartyl L-phenylalanine methyl ester, sac- 
charin, glycine and alanine; and/or a filler such as dextrin, starch or lactose. 

[0037] The saccharide compositions containing maltohexaose and/or maltoheptaose or those containing maltohexai- 
tol and/or maltoheptaitol have the following features: (i) They have a sweetness which well harmonizes with other 
materials having sour-, acid-, salty-, bitter-, astringent- and delicious-tastes; and (ii) they are highly acid- and heat- 
resistant. Thus, they can be favorably used in food products in general as a sweetener, taste-improving agent or quality- 
improving agent. 

[0038] The saccharide compositions containing maltohexaose and/or maltoheptaose or those containing maltohexai- 
tol and/or maltoheptaitol can be used in seasonings such as soy sauce, powdered soy sauce, "miso", "funmatsu-miso" 
(a powdered miso), "moromi" (a refined sake), "hishio" (a refined soy sauce), "furikake" (a seasoned fish meal), may- 
onnaise, dressing, vinegar, "sanbai-zu" (a sauce of sugar, soy sauce and vinegar), "funmatsu-sushi-su" (powdered 
vinegar for sushi), "chuka-no-moto" (an instant mix for Chinese dish), "tentsuyu" (a sauce for Japanese deep-fat fried 
food), "mentsuyu" (a sauce for Japanese vermicelli), sauce, catsup, "takuan-zuke-no-moto" (a premix for pickled rad- 
ish), "hakusai-zuke-no-moto" (a premix for fresh white rape pickles), "yakiniku-no-tare" (a sauce for Japanese grilled 
meat), curry roux, instant stew mix, instant soup mix, "dashi-no-moto" (an instant stock mix), nucleic acid condiments, 
mixed seasoning, "mirin" (a sweet sake), "shin-mirin" (a synthetic mirin), table sugar and coffee sugar. Also, the sac- 
charide containing maltohexaose and/or maltoheptaose or the saccharide containing maltohexaitol and/or maltohep- 
taitol can be freely used for sweetening "wagashi" (Japanese cake) such as "senbei" (a rice cracker), "arare-mochi" 
(a rice-cake cube), "okoshi" (a millet-and -rice cake), "mochi" (a rice paste), "manju" (a bun with a bean-jam), "uiro" (a 
sweet rice jelly), "an" (a bean jam), "yokan" (a sweet jelly of beans), "mizu-yokan" (a soft adzuki-bean jelly), "kingyoku" 
(a kind of yokan), jelly, pao de Castella and "amedama" (a Japanese toffee); confectioneries such as bun, biscuit, 
cracker, cookie, pie, pudding, butter cream, custard cream, cream puff, waffle, sponge cake, doughnut, chocolate, 
chewing gum, caramel and candy; frozen desserts such as ice cream and sherbet; syrups such as "kajitsu-no-syrup- 
zuke" (a preserved fruit) and "korimitsu" (a sugar syrup for shaved ice); pastes such as flour paste, peanut paste, fruit 
paste and spread; processed fruits and vegetables such as jam, marmalade, "syrup-zuke" (fruit pickles) and "toka" 
(conserves); pickles and pickled products such as "fukujin-zuke" (red colored radish pickles), "bettara-zuke" (a kind of 
whole fresh radish pickles), "senmai-zuke" (a kind of sliced fresh radish pickles) and "rakkyo-zuke" (pickled shallots); 
meat products such as ham and sausage; products of fish meat such as fish ham, fish sausage, "kamaboko" (a steamed 
fish paste), "chikuwa" (a kind of fish paste) and "tenpura" (a Japanese deep-fat fried fish paste); "chinmi" (relish) such 
as "uni-no-shiokara" (salted guts of sea urchin), "ika-no-shiokara" (salted guts of squid), "su-konbu" (processed tangle), 
"saki-surume" (dried squid strips) and "fugu-no-mirin-boshi" (a dried mirin-seasoned swellfish); "tsukudani" (foods 
boiled down in soy sauce) such as those of laver, edible wild plants, dried squid, fish and shellfish; daily dishes such 
as "nimame" (cooked beans), potato salad and "konbu-maki" (a tangle roll); milk products; canned and bottled products 
such as those of meat, fish meat, fruit and vegetable; alcoholic beverages such as refined sake, synthetic sake, liqueur 
and foreign wines; soft drinks such as tea, coffee, cocoa, juice, carbonated beverage, sour milk beverage and beverage 
containing a lactic acid bacterium; instant hot cake mix and "sokuseki-shiruko" (an instant mix of adzuki-bean soup 
with rice cake), and instant soup mix; and beverages such as baby foods, foods for therapy, beverages supplemented 
with nutrition, peptide foods and frozen foods; as well as for improving the tastes and qualities of the aforementioned 
food-products. 

[0039] The present saccharide compositions containing maltohexaose and/or maltoheptaose or those containing 
maltohexaitol and/or maltoheptaitol can be also used in feeds and pet foods for domestic animals, poultry and fishes 
to improve their taste preferences. These saccharide compositions can be arbitrarily used as a sweetener, taste-im- 
proving agent or quality-improving agent in other products in the form of a solid, paste or liquid such as a tobacco, 
cigarette, dentifrice, lipstick, rouge, lip cream, internal medicine, tablet, troche, cod liver oil in the form of drop, cachou, 
oral refrigerant, gargle, cosmetics or pharmaceutical. 

[0040] The present saccharide compositions containing maltohexaose and/or maltoheptaose or those containing 
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maltohexaitol and/or maltoheptaitol can be used as a quality-improving agent or a stabilizer for biologically active 
substances susceptible to lose their effective ingredients and activities, as well as in health foods and pharmaceuticals 
containing biologically active substances. Examples of such biologically active substances are lymphokines such as 
a-, p- and ^interferons, tumor necrosis factor-oc (TNF-a), tumor necrosis factor-|3 (TNF-fJ), macrophage migration in- 

5 hibitory factor and interleukin 2; hormones such as insulin, growth hormone, prolactin, erythropoietin, follicle-stimulating 
hormone and placental hormone; biological preparations such as BCG vaccine, Japanese encephalitis vaccine, mea- 
sles vaccine, live polio vaccine, smallpox vaccine, tetanus toxoid, Antivenenum Trimeresurus flavoviridis and human 
immunoglobulin; antibiotics such as penicillin, erythromycin, chloramphenicol, tetracycline, streptomycin and kanamy- 
cin sulfate; vitamins such as thiamine, riboflavin, L-ascorbic acid, cod liver oil, carotenoid, ergosterol and tocopherol; 

10 enzymes such as lipase, elastase, urokinase, protease, p-amylase, isoamylase, glucanase and lactose; extracts such 
as ginseng extract, snapping turtle extract, chlorella extract, aloe extract and propolis extract; viable microorganisms 
such as viruses, lactic acid bacteria and yeasts; and other biologically active substances such as royal jelly. By using 
the present saccharide compositions containing maltohexaose and/or maltoheptaose or those containing maltohexaitol 
and/or maltoheptaitol, the aforementioned biologically active substances are arbitrarily prepared into health foods and 

15 pharmaceuticals with a satisfactorily-high stability and quality without fear of losing or inactivating their effective ingre- 
dients and activities. 

[0041] As is described above, the saccharide compositions in the present invention can be arbitrary used in orally 
or parenterally administrable foods, beverages, cosmetics and pharmaceuticals, as well as in household commodities, 
materials for agriculture and forestry, chemical reagents, and materials for chemical industry. 

20 [0042] Methods to incorporate into above-mentioned products the present saccharide compositions containing mal- 
tohexaose and/or maltoheptaose or those containing maltohexaitol and/or maltoheptaitol are conventional ones, for 
example, mixing, dissolving, soaking, permeating, sprinkling, applying, spraying, injecting and solidifying as long as 
the incorporation is attained before completion of their processings. Although the amount of these saccharide compo- 
sitions to be incorporated into is varied dependently on the compositions used, it is usually 0.1% or higher, preferably, 

25 0.5% or higher with respect to maltohexaose, maltoheptaose, maltohexaitol and maltoheptaitol, d.s.b. The following 
experiments explain the present invention in more detail: 

Experiment 1 

30 Production of the enzyme 

[0043] A liquid nutrient culture medium, consisting of 2.0 w/v % soluble starch, 0.5 w/v % peptone, 0.1 w/v % yeast 
extract, 0.1 w/v % potassium diphosphate, 0.06 w/v % sodium phosphate dihydrate, 0.05 w/v % magnesium sulfate 
heptahydrate, 0.5 w/v % calcium carbonate and water, was placed in 500-ml Erlenmeyer flasks about 100-ml aliquots, 
35 and autoclaved at 121°C for 15 min to effect sterilization, cooled, inoculated with a stock culture of Alcaligenes latus 
D2271 (FERM BP-4578), and incubated at 37°C for 20 hours under stirring and shaking conditions of 200 rpm. The 
resultant cultures were pooled and used as a seed culture. 

[0044] About 20 L of a fresh preparation of the same nutrient culture medium used in the above culture was placed 
in a 30 L fermenter, sterilized, cooled to 37°C, inoculated with one v/v % of the seed culture, and incubated for about 
40 24 hours while stirring under aerobic conditions at 37°C. About 1 9 L of the culture was centrifuged to obtain about 1 8 
L of culture supernatant. The AMYLASE activity of the resultant culture supernatant was about 58 units/ml. 

Experiment 2 

45 Purification of enzyme 

[0045] The culture supernatant obtained in Experiment 1 was subjected to UF-membrane filtration to obtain about 
800 ml of the concentrated enzyme solution having 1 ,200 units/ml of the AMYLASE. Three hundred ml of the resultant 
enzyme concentrate was dialyzed against 10 mM Tris-HCI buffer (pH 8.0) containing 5 mM calcium chloride for 24 
50 hours, and centrifuged to remove insoluble substances. Four hundred ml of the resultant dialyzed supernatant was 
subjected to column chromatography using a column packed with 100 ml of "DEAE-TOYOPEARL® 650", an ion- 
exchanger. 

[0046] The present AMYLASE did not adsorb on the ion-exchanger, and the activity was found in non-adsorbed 
fractions. The fractions having the objective enzyme activity were pooled, and dialyzed against a fresh preparation of 
55 the same buffer containing 0.5 M ammonium sulfate. The dialyzed solution thus obtained was centrifuged to remove 
insoluble substances, and the resultant supernatant was subjected to hydrophobic column chromatography using a 
column packed with 1 00 ml of "BUTYL-TOYO PEARL® 650", a hydrophobic gel. The enzyme adsorbed on the gel was 
eluted from the column with a linear gradient buffer raging from 0.5 M to 0 M, followed by recovering fractions with the 
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enzyme activity. The resultant fractions were subje6cted to hydrophobic column chromatography using "PHENYL SU- 
PERROSE® HR5/5", followed by recovering fractions with the enzyme activity. 

[0047] The yield of the purified enzyme preparation obtained in the above was about 25% with respect to the culture 
supernatant. The specific activity of the purified enzyme preparation was about 1 ,860 units/mg protein. The protein 
5 was determined for its quantity by the Lowry method using bovine serum albumin as a standard. The purified enzyme 
preparation was determined for its purity on electrophoresis using 7.5 w/v % polyacrylamide gel to exhibit a single 
protein band, and this revealed that the preparation was an electrophoretically homogeneous enzyme with a relatively- 
high purity. 

10 Experiment 3 

Property of enzyme 

[0048] The AMYLASE preparation obtained in Experiment 3 was subjected to electrophoresis using 1 0 w/v % sodium 

15 dodecyl sulfate polyacrylamide gel, and this revealed that the molecular weight was about 43,000±3,000 daltons in 
comparison with those of marker proteins commercialized by Japan Bio-Rad Laboratories, Tokyo, Japan. 
[0049] The purified AMYLASE preparation was subjected to isoelectrophoresis using polyacrylamide gel containing 
2 w/v % "AMPHOLINE", an ampholyte commercialized by Pharmacia LKB Biotechnology AB, Uppsala, Sweden. The 
resultant gel was determined for its pH to reveal that the enzyme has a pi of about 7.6±0.5. 

20 [0050] Effects of temperature and pH on the enzyme activity were studied in the presence of calcium chloride in 
accordance with the assay as used for determining the enzyme activity. These results were respectively shown in FIGs. 
1 and 2. The optimum temperature was about 70° C, and the optimum pH was about 5.0. The thermal stability of the 
enzyme was determined by incubating it in 20 mM acetate buffer containing 5 mM calcium chloride (pH 6.0) at different 
temperatures for 60 min, cooling the buffers, and assaying the remaining enzyme activity in each buffer. The pH stability 

25 of the enzyme was determined by incubating it in 20 mM acetate buffer having different pHs at 40°C for one hour, 
adjusting the buffer to pH 6.0, and assaying the remaining enzyme activity in each buffer. The results of thermal- and 
pH-stabilities were respectively shown in FIGs. 3 and 4. The enzyme was stable up to a temperature of about 60°C 
and at a pH of about 4.5-10.5. The enzyme was an amylase which does not exhibit a starch-hydrolyzing activity, but 
has a relatively-high dependency on calcium ion in solutions containing substrates. The enzyme activity was inhibited 

30 in the presence of one mM copper ion, lead ion, zinc ion or mercury ion, or by 1 0 mM EDTA. 

Experiment 4 
Activity on starch 

35 

[0051] To soluble starch having a final concentration of 2 w/v % in 20 mM acetate buffer (pH 5.5) containing 5 mM 
calcium chloride was added 50 units/g starch of the purified AMYLASE obtained in Experiment 2, and the mixture 
solution was subjected to an enzymatic reaction at 40°C, followed by sampling the reaction solution at a prescribed 
time interval and heating the samples at 100°C for 10 min to inactivate the remaining enzyme. The resultant reaction 

40 solution was analyzed for its hydrolysis rate, blue value and saccharide composition. 

[0052] The hydrolysis rate was determined by quantifying the total sugar content of the reaction mixture with the 
anthrone-sulfuric acid reaction method, quantifying the reducing sugar content of the reaction mixture in terms of glu- 
cose with the Somogyi-Nelson's method, and calculating the ratio of the reducing sugar content against the total sugar 
content. The blue value was determined by adding 0.1 ml of the reaction mixture to 15 ml of 0.05 N aqueous sulfuric 

45 acid solution, mixing the resultant, adding 0.2 ml of 0.1 N iodine solution to the resultant solution to develop color, 
determining the relative absorbance at 660 nm for an iodine color degree, and calculating the percentage of the iodine 
color degree of each reaction solution at each reaction time to the initial iodine color degree at a reaction time 0. 
[0053] The saccharide composition was determined by first desalting the reaction mixture, then analyzing the de- 
salted solution on high-performance liquid chromatography (abbreviated as "HPLC" hereinafter). The system and con- 

50 ditions used in the analysis were CCPD system, an apparatus for HPLC commercialized by Tosoh Corporation, Tokyo, 
Japan, "MCI GEL CK04SS (10 mm0 x 200 mm), a column for analysis commercialized by Mitsubishi Chemical Cor- 
poration, Tokyo, Japan, a flow rate of 0.2 ml/min as an eluant, and a differential refractometer as an detector. The 
results were as shown in Tables 1 and 2. 

55 
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Table 1 



5 



Reaction time (min) 


Hydrolysis rate (%) 


Iodine color degree (%) 


0 


1.9 


100 


5 


3.6 


45 


10 


5.3 


19 


20 


8.0 


4.5 


30 


9.8 


2.0 


60 


13.4 


1.0 


90 


14.7 


0.9 


120 


15.7 


0.9 



15 



Table 2 



20 



25 



30 



Reaction time(min) 


Saccharide composition (%) 




G1 


G2 


G3 


G4 


G5 


G6 


G7 


i=G8 


5 


0.0 


0.0 


0.2 


0.2 


0.3 


2.1 


2.2 


95.0 


10 


0.0 


0.7 


0.9 


0.7 


1.0 


3.9 


4.0 


88.8 


20 


0.0 


1.5 


2.0 


1.8 


1.8 


7.9 


7.8 


77.2 


30 


0.0 


2.7 


3.3 


2.7 


2.6 


11.7 


11.0 


66.0 


60 


0.0 


6.0 


6.0 


4.3 


3.8 


19.4 


16.1 


44.4 


90 


0.4 


8.5 


7.1 


4.8 


4.2 


25.4 


18.8 


30.8 


120 


0.7 


10.1 


8.4 


4.5 


4.0 


25.7 


19.3 


27.3 



[0054] As is evident from the results in Table 1, it was revealed that the present AMYLASE was an endo-type amylase 
because the level of the reduction rate was larger than that of the increment of the hydrolysis rate of starch, and because 
lower molecular weight oligosaccharides such as maltose and maltotriose were found from the initiation of the enzy- 
35 matic reaction even if the amount was low. More particularly, the AMYLASE was revealed to be an endo-type cc-amylase 
based on the result of the finding that the anomer type of the formed products was a-form when examined on the 
optical rotation of anomer type. 

[0055] As is evident from the results in Table 2, it was revealed that the present starch-hydrolyzing enzyme is a novel 
oc-amylase, a type of enzyme which inherently forms maltohexaose and maltoheptaose when acts on starch, because 
40 of the fact that it formed a larger amount of maltohexaose and maltoheptaose than other oligosaccharides from the 
initiation of the enzymatic reaction while increasing the formation level as the enzymatic reaction proceeded and not 
decreasing the formation level even if the enzymatic reaction was prolonged. The total yield of maltohexaose and 
maltoheptaose from starch was about 45%, d.s.b. 

45 Experiment 5 

Substrate specificity 

[0056] Fifty units/g substrate, d.s.b., of a purified present AMYLASE obtained by the method in Experiment 2 was 
50 added to a substrate with a final concentration of 2 w/v % amylose, amylopectin, glycogen, cc-cyclodextrin, p-cyclo- 
dextrin, y-cyclodextrin, pullulan, dextran, glucose, maltose, maltotriose, maltotetraose, maltopentaose, maltohexaose 
or maltoheptaose, and the mixture was allowed to react at 40°C and pH 5.5 for 2 hours in the presence of 5 mM calcium 
chloride. The reaction mixtures before and after the enzymatic reaction were subjected to thin layer chromatography 
(abbreviated as "TLC" hereinafter) using "KIESEL GEL 60", an aluminum plate (20 x 20 cm) commercialized by E. 
55 Merck, Darmstadt, Germany, to examine whether the enzyme acted on the saccharides as a substrate. TLC was 
developed once at ambient temperature by using a developing solvent of 1-butanol : pyridine : water = 6:4:1 by 
volume. The development of colorization was effected by spraying to the plates a solution of 20 v/v % sulfuric acid in 
methanol and heating the plates at 110°C for 10 min. 
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[0057] As a result, it was found that the present AMYLASE mainly formed maltohexaose and maltoheptaose when 
acted on amylose, amylopectin and glycogen as a substrate similarly as in soluble starch, but substantially did not act 
on maltoheptaose even though it slightly formed glucose and maltohexaose as a hydrolysate, and did not act on oc- 
cyclodextrin, p-cyclodextrin, y-cyclodextrin, pullulan, dextran, glucose, maltose, maltotriose, maltotetraose, maltopen- 
5 taose and maltohexaose. 

Experiment 6 

Acute toxicity test 

10 

[0058] A powdery saccharide product rich in maltohexaose or maltoheptaose which was obtained by the method in 
Example A-7, and asyrupy product rich in maltohexaitol or maltoheptaitol which was obtained by the method in Example 
A-8 were respectively administered to mice orally for their acute toxicity test. As a result, it was revealed that these 
saccharides were relatively-low in toxicity and no mouse died even when administered with the highest possible dose. 
15 Therefore, though not so accurate, the value of LD 50 of the saccharides was 50 g/kg or higher. 

[0059] The following Examples A illustrate the preparation of the present AMYLASE, saccharide compositions con- 
taining maltohexaose and/or maltoheptaose prepared by using the AMYLASE, and preparation of saccharide compo- 
sitions containing maltohexaitol and/or maltoheptaitol. Examples B illustrate compositions containing one or more of 
these saccharides. 

20 

Example A-1 

[0060] In accordance with the method in Experiment 1 , a seed culture of Alcaligenes latus D2271 (FERM BP-4578) 
was inoculated in a fresh preparation of the same nutrient culture medium as used in Experiment 1 and cultured in a 
25 fermenter for 30 hours under agitation-aeration conditions except for culturing the microorganism at 30°C. The activity 
of the present AMYLASE in the resultant supernatant was 66 units/ml of the culture. The culture was filtered with an 
MF-membrane, and the filtrate was concentrated with a UF-membrane to obtain a concentrated enzyme solution con- 
taining about 1 ,300 units/ml of the present AMYLASE in a yield of about 82% against the activity of the initial culture. 

30 Example A-2 

[0061] Five % suspension (pH 5.5) of potato starch, d.s.b, was gelatinized by heating, cooled to 70°C, admixed with 
calcium chloride to give 0.02 %, mixed with 2 units/g starch of the AMYLASE in Example A-1 , liquefied and saccharified 
for 20 hours. The resultant mixture was autoclaved at 120°C for 20 min to inactivate the remaining enzyme, cooled, 
35 decolored and filtered by an active charcoal, desalted with ion-exchange resins in Hand OH-form, purified and con- 
centrated into a 75% syrup in a yield of about 95% to the material, d.s.b. 

[0062] The product contained 24.2% maltohexaose and 17.7% maltoheptaose, d.s.b, and had a sweetening power 
of about 15% of that of sucrose. The product can be arbitrarily used in a variety of compositions such as foods, bev- 
erages, cosmetics, pharmaceuticals and shaped products as a low sweetener, shape-imparting agent, viscosity-con- 
40 trolling agent, moisture-retaining agent, gloss-imparting agent, adhesive, flavor-imparting agent, crystallization-pre- 
venting agent, and stickiness-preventing agent for candy. 

Example A-3 

45 [0063] Ten % suspension (pH 4.5) of potato starch, d.s.b, was gelatinized by heating, cooled to 50°C, mixed with 
1,000 units/g starch of isoamylase commercialized by Hayashibara Biochemical Laboratories, Inc., Okayama, Japan, 
and enzymatically reacted for 20 hours. The resultant mixture was adjusted to pH 5.2, autoclaved at 120°C for 10 min, 
cooled to 70°C, admixed with calcium chloride to give a concentration of 0.02%, d.s.b, admixed with 5 units/g starch, 
d.s.b., of the present AMYLASE prepared in Example A-1 , liquefied and saccharified for 8 hours. The reaction solution 

50 was autoclaved at 120°C for 20 min, cooled, and, similarly as in the Example A-2, purified and concentrated to obtain 
a syrupy product with a concentration of 75% in a yield of about 93% to the material, d.s.b. The saccharide composition 
consisted of 40.3% oligosaccharides having a degree of glucose polymerization of 5 or lower, 27.3% maltohexaose, 
1 9.2% maltoheptaose, and dextrin having a degree of glucose polymerization of 8 or higher 1 3.2%, d.s.b. Similarly as 
the product in Example A-2, the product can be arbitrarily used as a sweetener with a relatively-low sweetness and 

55 relatively-low sugar content in a variety of compositions such as foods, beverages, cosmetics, pharmaceuticals and 
shaped products. 
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Example A-4 

[0064] Thirty-three % suspension of corn starch, d.s.b., was mixed with calcium carbonate to give afinal concentration 
of 0.1%, d.s.b., and the resultant mixture was adjusted to pH 6.0, admixed with 0.2% per g starch, d.s.b., of "TER- 

5 MAMYL® 60 L", oc-amylase commercialized by Novo Industri A/S Copenhagen Denmark, and subjected to an enzy- 
matic reaction at 95°C for 15 min. The reaction mixture was autoclaved at 120°C for 30 min, cooled to 50°C, admixed 
with 500 units/g starch of isoamylase commercialized by Hayashibara Biochemical Laboratories Inc., Okayama, Japan, 
and 1 .8 units/g starch of the present AMYLASE prepared in the Example A-1 , and subjected to an enzymatic reaction 
for 40 hours. The reaction mixture was similarly as in Example A-2 heated, cooled, purified, concentrated and spray- 

10 dried to obtain a powdery composition containing maltohexaose and maltoheptaose having a moisture content lower 
than 2% in a yield of about 90%, d.s.b. 

[0065] The saccharide composition consisted of 38.8% oligosaccharides having a degree of glucose polymerization 
of 5 or lower, 26.7% maltohexaose, 15.7% maltoheptaose, and 18.8% dextrin having a degree of glucose polymerization 
of 8 or higher. Similarly as the product in Example A-2, the product can be arbitrarily used as a sweetener with a 
15 relatively-low sweetness and relatively-low sugar content in a variety of compositions such as foods, beverages, cos- 
metics, pharmaceuticals and shaped products. 

Example A-5 

20 [0066] A saccharide composition containing maltohexaose and maltoheptaose, obtained by the method in Example 
A-3, was column chromatographed by using astrong-acid cation exchange resin for fractionation to increase the content 
of maltohexaose and maltoheptaose. Thus, the saccharide composition was concentrated into 55 w/w % solution as 
a material saccharide solution. "DIAION SK 104 (K + -form, polymerization degree of 4%)" a resin commercialized by 
Mitsubishi Chemical Corporation, Tokyo, Japan, was packed in 4 jacketed-stainless steel columns having an inner 

25 diameter of 5.4 cm, and the columns were cascaded in series to give a total gel-bed depth of 20 m. The columns were 
heated to give the inner column temperature of 60°C, and fed with 7 v/v % of the saccharide solution while keeping at 
the temperature, followed by fractionating the saccharide solution by feeding to the columns with 60°C hot water at a 
flow rate of SV (space velocity) 0.12 and collecting fractions containing 35% or higher of maltohexaose or 25% or 
higher of maltoheptaose. The fractions were pooled, purified and concentrated similarly as in Example A-2 to obtain 

30 a syrupy saccharide composition rich in maltohexaose and maltoheptaose in a yield of about 50% to the material 
saccharide solution, d.s.b. The product contained about 45% maltohexaose and about 31% maltoheptaose, d.s.b, and 
the sweetening power was less than 1 0% of that of sucrose. Similarly as in Example A-2, the product can be arbitrarily 
used as a sweetener with less sweetness and sugar content in a variety of compositions such as foods, beverages, 
cosmetics, pharmaceuticals and shaped products. 

35 

Example A-6 

[0067] A syrupy saccharide composition rich in maltohexaose and maltoheptaose, obtained by the method in Exam- 
ple A-5, was spray-dried to obtain a powdery saccharide composition with a moisture content less than about 2% and 
40 rich in maltohexaose and maltoheptaose in a yield of about 98% syrup, d.s.b. Similarly as in Example A-2, the product 
can be arbitrarily used as a sweetener with less sweetness and sugar content in a variety of compositions such as 
foods, beverages, cosmetics, pharmaceuticals and shaped products. 

Example A-7 

45 

[0068] A saccharide composition rich in maltohexaose and maltoheptaose, obtained by the method in Example A- 
5, was prepared into a 50% solution which was used as a material saccharide solution. "DIAION SK 104 (K + -form, 
polymerization degree of 4%)", a strong-acid cation exchanger commercialized by Mitsubishi Chemical Corporation, 
Tokyo, Japan, was used as a resin for fractionation and packed similarly as in Example A-5 to column. The column 

50 was heated to give the inner column temperature of 60°C, and fed with 5 v/v % of the saccharide solution while keeping 
at the temperature, and the saccharide solution was fractionated by feeding to the column with 60°C hot water to 
separatory collect fractions containing 80% or higher of maltohexaose and fractions containing 70% or higher of mal- 
toheptaose, d.s.b. The fractions were respectively pooled, purified, concentrated and spray-dried into a powdery sac- 
charide composition rich in maltohexaose and a powdery saccharide composition rich in maltoheptaose having a mois- 

55 ture content less than about 2% in a yield of about 30% and about 20%, d.s.b., respectively. 

[0069] The purities of the powdery saccharide composition rich in maltohexaose and the powdery saccharide com- 
position rich in maltoheptaose were about 89% and about 81%, d.s.b., and their sweetening powers were less than 
10% of that of sucrose. Similarly as in Example A-2, the products can be arbitrarily used as a sweetener with less 
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sweetness and sugar content in a variety of compositions such as foods, beverages, cosmetics, pharmaceuticals and 
shaped products. 

Example A-8 

5 

[0070] A syrupy saccharide composition containing maltohexaose and maltoheptaose, obtained by the method of 
Example A-3, was prepared into a 50% solution which was then placed in an autoclave, admixed with 1 0% raney nickel 
as a catalyst, and heated up to a temperature of 90-1 25°C while stirring, followed by increasing hydrogen pressure to 
20-100 kg/cm 2 to terminate hydrogenation. Thereafter, the raney nickel was removed from the reaction mixture, and, 

10 similarly as in Example A-2, the reaction mixture was purified and concentrated to obtain a saccharide composition 
containing maltohexaitol and maltoheptaitol having a moisture content of 25% in a yield of about 90% syrup, d.s.b. 
[0071] The product contains 27% maltohexaitol, 19% maltoheptaitol, d.s.b, and the sweetening power was about 
20% of that of sucrose. The product can be arbitrarily used in a variety of food products as a sweetener with less 
sweetness and sugar content, body-imparting agent, viscosity-controlling agent, moisture-retaining agent, gloss-im- 

15 parting agent, adhesive, flavor-imparting agent, crystallization-preventing agent, and stickiness-preventing agent for 
candy. 

Example A-9 

20 [0072] A saccharide composition rich in maltohexaose and maltoheptaose, obtained by the method in Example A- 
5, was hydrogenated by the method in Example A-8, and the resultant was purified and concentrated into a 50% 
saccharide solution rich in maltohexaitol and maltoheptaitol. A saccharide solution thus obtained was column chroma- 
tographed in accordance with the method in Example A-7 by using a strong-acid cation exchange resin to separatory 
collect fractions containing 80% or higher of maltohexaitol and fractions containing 70% or higher of maltoheptaitol, 
25 which were then respectively pooled, purified and concentrated into a saccharide syrup rich in maltohexaitol and a 
saccharide syrup rich in maltoheptaitol, both of which had a concentration of about 75% and obtained in yields of about 
30% and about 20%, d.s.b., respectively The purities of the saccharide syrups thus obtained were respectively about 
90% and about 82%, d.s.b., and their sweetening powers were less than 1 0% of that of sucrose. Similarly as in Example 
A-2, the product can be arbitrarily used as a sweetener with less sweetness and sugar content in a variety of compo- 
se sitions such as foods, beverages, cosmetics, pharmaceuticals and shaped products. 

Example B-1 

Sweetener 

35 

[0073] One part by weight of a syrupy saccharide composition containing maltohexaose and maltoheptaose, obtained 
by the method in Example A-2, was homogeneously admixed with 0.02 parts by weight of "ocG Sweet", oc-glycosyl 
stevioside commercialized by Toyo Sugar Refining Co., Ltd., Tokyo, Japan, to obtain a syrupy sweetener. The product 
had a satisfactory sweetness and a 2-fold higher sweetening power of sucrose, and the caloric value was lowered to 
40 about 1/2 of that of sucrose. Because of this, it can be suitably used as a low-caloric sweetener for low-caloric food 
products for fat persons and diabetics who are restricted to a reduced calorie intake. The product scarcely forms acids 
and insoluble glucans when dental carries-inducing microorganisms act on it, and this renders it useful for sweetening 
food products directed to prevent dental carries. 

45 Example B-2 

Custard cream 

[0074] Five hundred parts by weight of corn starch, 400 parts by weight of a powdery saccharide composition rich 
50 in maltohexaose and maltoheptaose, 500 parts by weight of maltose, and 5 parts by weight of salt were passed through 
a sieve to homogeneity. The resultant mixture was admixed with 1,400 parts by weight of egg, and gradually mixed 
with 5,000 parts by weight of a boiling milk. The mixture thus obtained was continued stirring while heating, and the 
heating was stopped when the corn starch in the mixture was completely gelatinized to give the whole contents semi- 
transparent, followed by cooling the resultant and adding thereto an adequate amount of a vanilla flavor. The product 
55 has a smooth surface and gloss, as well as a mild taste and sweetness. 
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Example B-3 
Sweet rice jelly (uiro) 

5 [0075] Ninety parts by weight of rice powder, 20 parts by weight of corn starch, 20 parts by weight of sugar, one part 
by weight of a powdered green tea, an adequate amount of water, and 90 parts by weight of a syrupy saccharide 
composition containing maltohexaitol and maltoheptaitol, obtained by the method in Experiment A-8, were kneaded 
to homogeneity. The resultant mixtu re was placed in a vessel and steamed for 60 min to obtain a rice jelly with powdered 
green tea. The product has a satisfiable gloss, biting property and flavor. The retrogradation of starch in the product 

10 is well prevented, and the shelf-life is satisfactory. 

Example B-4 
Hard candy 

15 

[0076] Seventy hundred parts by weight of a syrupy saccharide composition containing maltohexaose and malto- 
heptaose, obtained by the method in Example A-3, was mixed with 90 parts by weight of sucrose, and the resultant 
mixture was concentrated by heating in vacuo until the moisture content lowered to below 2%. The concentrated solution 
was admixed with 0.15 parts by weight of citric acid and adequate amounts of a lemon flavor and a coloring agent, 
20 and the resultant mixture was formed in usual manner to obtain the desired product. The product is a high-quality hard 
candy having a satisfactory taste and biting property, as well as having a relatively-low hygroscopicity and a less 
stickiness. 

Example B-5 

25 

Radish pickled in sake lees ("bettara-zuke") 

[0077] Thirty kg of radish was in usual manner successively pickled with salt, saccharide, and 4 kg of a well-mixed 
composition consisting of one part by weight of a syrupy saccharide composition containing maltohexaose and mal- 
30 toheptaose, obtained by the method in Example A-2, 3 parts by weight of maltose, 0.05 parts by weight of a powdered 
licorice, 0.008 parts by weight of malic acid, 0.07 parts by weight of sodium glutamate, 0.03 parts by weight of potassium 
sorbate and 0.2 parts by weight of pullulan. The product exerted a satisfiable gloss and texture, and had a satisfactory 
sweetness and biting property. 

35 Example B-6 

Intubation nutrition 

[0078] A composition was prepared by mixing 20 parts by weight of a powdery saccharide composition containing 
40 maltohexaose and maltoheptaose, obtained by the method in Example A-4, 1.1 parts by weight of glycine, one part 
by weight of sodium glutamate, 0.4 parts by weight of calcium lactate, 0.1 part by weight of magnesium carbonate, 
0.01 part by weight of thiamine, and 0.01 part by weight of riboflavin. Twenty-four g aliquots of the composition were 
distributed to laminated-aluminum small bags which were then heat sealed to obtain the captioned product. In use, 
one bag of the product is dissolved in about 33-500 ml water, and administered to the nasal cavity or stomach by the 
45 intubation feeding as an intubation nutrition. The product can be administered to not only human but also livestock. 

Example B-7 

Intubation nutrition 

50 

[0079] A composition was prepared by mixing 80 parts by weight of a powdery saccharide composition containing 
maltohexaose and maltoheptaose, obtained by the method in Example A-6, 190 parts by weight of dried yolk, 209 
parts by weight of skim milk, 4.4 parts by weight of sodium chloride, 1 .85 parts by weight of potassium chloride, 4 parts 
by weight of magnesium sulfate, 0.01 part by weight of thiamine, 0.1 part by weight of sodium ascorbate, 0.6 parts by 
55 weight of vitamin E acetate and 0.04 parts by weight of nicotinamide. Twenty-five g aliquots of the composition were 
distributed to laminated-aluminum small bags which were then heat sealed to obtain the captioned product. In use, 
one bag of the product is dissolved in about 150-300 ml water, and administered as an intubation nutrition to the nasal 
cavity, gullet and stomach by the intubation feeding. 
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Example B-8 
Tablet 

5 [0080] Four parts by weight of a powdery saccharide composition containing maltohexaose and maltoheptaose, 
obtained by the method in Example A-6, was mixed to homogeneity with 50 parts by weight of aspirin, 10 parts by 
weight of maltose and 4 parts by weight of corn starch, and the resultant mixture was tabletted by a 20 R punch having 
a diameter of 12 mm to obtain a tablet, 680 mg in weight, 5.25 mm in thickness and 8±1 kg in hardness. The product 
is a readily-swallowable tablet with an adequate sweetness. 

10 

Example B-9 
Milky lotion 

15 [0081] A half part by weight of polyoxyethylene behenyl ether, one part by weight of polyoxyethylene sorbitol 
tetraoleate, one part by weight of oil-soluble glyceryl monostearate, 0.5 parts by weight of behenyl alcohol, one part 
by weight of avocado oil, 3.5 parts by weight of a syrupy saccharide composition rich in maltohexaitol, obtained by the 
method in Example A-9, one part by weight of oc-glycosyl rutin and appropriate amounts of vitamin E and antiseptic 
were mixed by heating in usual manner, and the mixture was mixed with 5 parts by weight of 1 ,3-butyleneglycol, 0.1 

20 part by weight of carboxyvinyl polymer and 85.3 parts by weight of refined water. The mixture thus obtained was 
emulsified by a homogenizer. The product is a moisture-retaining milky lotion which is favorably usable as a sunscreen 
agent or a skin-whitening agent. 

Example B-1 0 

25 

Skin cream 

[0082] Two parts by weight of polyoxyethylene glycol monostearate, 5 parts by weight of self-emulsifying glyceryl 
monostearate, 2 parts by weight of cc-glycosyl rutin, one part by weight of liquid paraffin, 1 0 parts by weight of glyceryl 
30 trioctanate, 4 parts by weight of a powdery saccharide composition containing maltohexaose and an adequate amount 
of an antiseptic were dissolved by heating, and the resultant solution was mixed with 5 parts by weight of 1 ,3-butylene 
glycol and 66 parts by weight of refined water. The resultant mixture was emulsified by a homogenizer and admixed 
with an adequate amount of a flavor while stirring to obtain a skin cream. The product is a cream with a satisfactory 
spreadability and suitably usable as a sunscreen cream, a skin-refining agent or a skin-whitening agent. 

35 

Example B-1 1 
Dentifrice 

40 [0083] Forty-five parts by weight of calcium hydrogen phosphate, 1 .5 parts by weight of sodium laurate, 25 parts by 
weight of glycerine, 0.5 parts by weight of polyoxyethylene sorbitan laurate, 1 5 parts by weight of a syrupy saccharide 
composition rich in maltohexaose and maltoheptaose, obtained by the method in Example A-5, 0.02 parts by weight 
of saccharin and 0.05 parts by weight of antiseptic were mixed with 13 parts by weight of water. The product with a 
superior gloss and detergency is suitably used as a dentifrice. 

45 

Example B-1 2 

Fertilizer in the form of rod 

50 [0084] Seventy parts by weight of a compound fertilizer comprising 14% N, 8% P 2 0 5 , 12% K 2 0, 5 parts by weight 
of pullulan, 5 parts by weight of a saccharide composition containing maltohexaose and maltoheptaose, obtained by 
the method in Example A-3, 1 5 parts by weight of calcium sulfate and 5 parts by weight of water were mixed to homo- 
geneity, and the resultant mixture was heated to 80°C by an extruder under the conditions of an L/D ratio of 20, a 
pressure ratio of 1 .8 and a die diameter of 30 mm, to obtain the captioned product. In use, the product does not require 

55 a special vessel for carrying, and has a readily handleability and a satisfactory strength for a total layer application. 
The elution speed of the ingredients contained in the product is controllable by varying the composition. If necessary, 
the product can be readily admixed with one or more plant hormones, agricultural chemicals and soil conditioners. 
[0085] As is described above, the present inventors found that the present AMYLASE has a relatively-high optimum 
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temperature and thermal stability, as well as a relatively-wide range of optimum pH and stable pH. Furthermore, they 
found that the yield of the present AMYLASE produced by microorganisms is considerably high, and this renders it 
readily be used in the production of saccharide compositions rich in maltohexaose and/or maltoheptaose and those 
rich in maltohexaitol and/or maltoheptaitol from amylaceous substances. Thus, the present invention has a great sig- 
nificance in this field. 

[0086] In addition, the saccharide compositions rich in maltohexaose and/or maltoheptaose and their hydrogenated 
products can be used as a sweetener with less sweetness in a variety of compositions, for example, a body-imparting 
agent, viscosity-controlling agent, moisture-retaining agent, and gloss-imparting agent, and also used as a nutrition- 
supplementing agent in a variety of compositions such as foods, beverages, cosmetics, pharmaceuticals and shaped 
products. 



Claims 

1 . A maltohexaose and maltoheptaose-forming amylase obtainable from a microorganism of the genus Alcaligenes, 
which has an activity of forming from starch an oligosaccharide composition, the major individual components of 
which are maltohexaose and maltoheptaose, which amylase does not substantially hydrolyse maltohexaose, mal- 
toheptaose, and a lower molecular weight oligosaccharide than maltohexaose. 

2. The amylase as claimed in claim 1 , which has the following physicochemical properties of: 

(1) Action 

Acting on starch to form an oligosaccharide composition, the major individual components of which are mal- 
tohexaose and maltoheptaose, but not substantially hydrolysing maltohexaose, maltoheptaose, and a lower 
molecular weight oligosaccharide than maltohexaose; 

(2) Molecular weight 

About 43,000±3,000 daltons on sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE); 

(3) Isoelectric point (pi) 

About 7.6±0.5 on isoelectrophoresis using an ampholyte; 

(4) Optimum pH 

About 5.0 in the presence of calcium ion;' 

(5) Optimum temperature 

About 70°C in the presence of calcium ion; 

(6) pH Stability 

Stable at a pH of about 4.5-10.5 in the presence of calcium ion; and 

(7) Thermal stability 

Stable up to a temperature of about 60°C in the presence of calcium ion. 

3. A process for producing the amylase as claimed in claim 1 , which comprises culturing in a nutrient culture medium 
a microorganism capable of forming the amylase, and recovering the formed amylase from the culture. 

4. The process as claimed in claim 3, wherein said nutrient culture medium contains not higher than 20 w/w % of 
starch, d.s.b., and the culture is effected at a temperature of 10-40°C, a pH of 5-8 and a DO of 0.5-20 ppm for 
10-100 hours. 

5. A microorganism, Alcaligenes latus D2271 (FERM BP-4578), which has been deposited in National Institute of 
Bioscience and Human-Technology Agency of Industrial Science and Technology, 1-3, Higashi, 1 chome, Tsukuba- 
shi, Ibaraki-ken 305, Japan, and is capable of forming the amylase as claimed in claim 1 . 

6. A process for producing a saccharide composition containing maltohexaose and/or maltoheptaose, which com- 
prises: 
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(a) allowing to act on starch the maltohexaose and maltoheptaose-forming amylase as claimed in claim 1 
together with or without a starch debranching enzyme to form maltohexaose and/or maltoheptaose; and 

(b) collecting the resultant saccharide composition containing maltohexaose and/or maltoheptaose. 

7. The process of claim 6, wherein the step (a) further contains a step of removing concomitant saccharides from the 
resultant mixture from the step (a). 

8. The process of claim 7, wherein the removing step is a column chromatography using a strong-acid cation ex- 
changer. 

9. The process as claimed in any one of claims 6 to 8, wherein the step (a) is effected by allowing the amylase to act 
on a solution containing about 5-45 w/w % of said starch in an amount of about 0.5-20 units/g starch, on a dry 
solid basis, at a pH 3-8 and a temperature of 40-90°C for 1 -1 00 hours. 

10. A process for producing a saccharide composition containing maltohexaitol and/or maltoheptaitol, which compris- 
es: 

(a) allowing to act on starch the amylase as claimed in claim 1 together with or without a starch debranching 
enzyme to form maltohexaose and/or maltoheptaose; 

(b) hydrogenating the resultant saccharide composition containing maltohexaose and/or maltoheptaose into 
maltohexaitol and/or maltoheptaitol; and 

(c) collecting the resultant maltohexaitol and/or maltoheptaitol. 

11. The process as claimed in claim 10, wherein the step (a) is effected by allowing the amylase to act on a solution 
containing about 5-45 w/w % of said starch in an amount of about 0.5-20 units/g starch, on a dry solid basis, at a 
pH 3-8 and a temperature of 40-90°C for 1 -1 00 hours. 

12. The process as claimed in claim 10 or claim 11, wherein the step (b) is effected by adding an amount of about 
8-1 0 w/w of the raney nickel to the resultant solution in the step (a), and heating the resultant mixture at 90-1 40°C 
and at a hydrogen pressure of 20-150kg/cm 2 . 

13. The process as claimed in any one of claims 10 to 12, wherein the step (b) further contains a step of removing 
concomitant saccharides from the resultant mixture in the step (b). 

14. The process as claimed in claim 13, wherein the removing step is a column chromatography using a strong-acid 
cation exchanger. 



Patentanspruche 

1. Maltohexaose und Maltoheptaose bildende Amylase erhaltlich aus einem Mikroorganismus der Gattung Alcalige- 
nes, welche eine Aktivitat zur Bildung einer Oligosaccharidzusammensetzung, von welcher die hauptsachlichen 
Bestandteile Maltohexaose und Maltoheptaose sind, aus Starke aufweist, wobei die Amylase Maltohexaose, Mal- 
toheptaose sowie ein Oligosaccharid mit einem geringeren Molekulargewicht als Maltohexaose im Wesentlichen 
nicht hydrolysiert. 

2. Amylase nach Anspruch 1, welche die folgenden physikalisch-chemischen Eigenschaften aufweist: 

(1) Wirkung 

Wirkung auf Starke unter Bildung einer Oligosaccharidzusammensetzung, von welcher die hauptsachlichen 
Bestandteile Maltohexaose und Maltoheptaose sind, welche aber Maltohexaose, Maltoheptaose und ein Oli- 
gosaccharid mit einem geringeren Molekulargewicht als Maltohexaose im Wesentlichen nicht hydrolysiert; 

(2) Molekulargewicht 

Ungefahr 43.000 ± 3.000 Daltons auf Natriumdodecylsulfat-Polyacrylamidgelelektrophorese (SDS-PAGE); 

(3) Isoelektrischer Punkt 

Ungefahr 7,6 ± 0,5 bei Isoelektrophorese verwendend ein Ampholyt; 
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(4) Optimaler pH 

Ungefahr 5,0 in der Gegenwart von Calciumionen; 

(5) Optimale Temperatur 

Ungefahr 70°C in der Gegenwart von Calciumionen; 

(6) pH-Stabilitat 

Stabil bei einem pH von ungefahr 4,5 - 1 0,5 in der Gegenwart von Calciumionen; 

(7) Thermische Stabilitat 

Stabil bis zu einer Temperatur von ungefahr 60°C in der Gegenwart von Calciumionen. 

3. Verfahren zur Herstellung einer Amylase nach Anspruch 1, welches Kultivieren eines zur Bildung von Amylase 
fahigen Mikroorganismus in einem Nahrkulturmedium sowie Gewinnung der gebildeten Amylase aus der Kultur 
umfasst. 

4. Verfahren nach Anspruch 3, wobei das Nahrkulturmedium nicht mehr als 20 Gew.-% an Starke d.s.b. enthalt und 
die Kultur bei einer Temperatur von 10 - 40°C, einem pH von 5 - 8 und einer DO von 0,5 - 20 ppm fur 10 - 100 
Stunden bewirktwird. 

5. Mikroorganismus Alcaligenes latus D2271 (FERM BP-4578), welcher beim National Institute of Bioscience and 
Human-Technology Agency of Industrial Sciences and Technologies, 1 -3, Higashi, 1 chome, Tsukuba-shi, Ibaraki- 
ken 305, Japan hinterlegt wurde und zur Bildung von Amylase nach Anspruch 1 fahig ist. 

6. Verfahren zur Bildung einer Saccharidzusammensetzung enthaltend Maltohexaose und/oder Maltoheptaose, wel- 
ches umfasst: 

(a) Erlauben der Maltohexaose und Maltoheptaose bildenden Amylase nach Anspruch 1 , zusammen mit oder 
ohne einem starkeentzweigenden Enzym auf Starke einzuwirken, urn Maltohexaose und/oder Maltoheptaose 
zu bilden; und 

(b) Sammeln der resultierenden Saccharidzusammensetzung enthaltend Maltohexaose und/oder Maltohep- 
taose. 

7. Verfahren nach Anspruch 6, wobei der Schritt (a) des weiteren einen Schritt des Entfernens von begleitenden 
Sacchariden aus der aus Schritt (a) resultierenden Mischung umfasst. 

8. Verfahren nach Anspruch 7, wobei der Entfernungsschritt eine Saulenchromatographie unter Verwendung eines 
stark sauren Kationenaustauschers ist. 

9. Verfahren nach einem der Anspruche 6 bis 8, wobei der Schritt (a) bewirkt wird durch Erlauben der Amylase, auf 
eine Losung enthaltend ungefahr 5 - 45 Gew.-% der Starke in einer Menge von ungefahr 0,5 - 20 Einheiten/g 
Starke, bezogen auf die trockene Feststoff basis, bei einem pH von 3 - 8 und einer Temperatur von 40 - 90°C fur 
1-100 Stunden einzuwirken. 

10. Verfahren zur Herstellung einer Saccharidzusammensetzung enthaltend Maltohexaitol und/oder Maltoheptaitol, 
welches umfasst 

(a) Erlauben der Maltohexaose und Maltoheptaose bildenden Amylase nach Anspruch 1 , zusammen mit oder 
ohne einem starkeentzweigenden Enzym auf Starke einzuwirken, urn Maltohexaose und/oder Maltoheptaose 
zu bilden; 

(b) Hydrogenieren der resultierenden Saccharidzusammensetzung enthaltend Maltohexaose und/oder Mal- 
toheptaose zu Maltohexaitol und/oder Maltoheptaitol; und 

(c) Sammeln des resultierenden Maltohexaitols und/oder Maltoheptaitols. 

11. Verfahren nach Anspruch 10, wobei der Schritt (a) bewirkt wird durch Erlauben der Amylase, auf eine Losung 
enthaltend ungefahr 5 - 45 Gew.-% der Starke in einer Menge von ungefahr 0,5 - 20 Einheiten/g Starke, bezogen 
auf die trockene Feststoff basis, bei einem pH von 3 - 8 und einer Temperatur von 40 - 90°C fur 1-100 Stunden 
einzuwirken. 
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12. Verfahren nach Anspruch 10 oder Anspruch 11 , wobei der Schritt (b) bewirkt wird durch Zugabe einer Menge von 
ungefahr 8-10 Gew.-% an Raney-Nickel zu der aus Schritt (a) resultierenden Losung und Erhitzen der resultie- 
renden Mischung auf 90 - 140 °C sowie bei einem Wasserstoffdruck von 20 - 150 kg/cm 2 . 

13. Verfahren nach einem der Anspruche 10 bis 12, wobei der Schritt (b) des weiteren einen Schritt des Entfernens 
von begleitenden Sacchariden aus der resultierenden Mischung in Schritt (b) umfasst. 

14. Verfahren nach Anspruch 13, wobei der Entfernungsschritt eine Saulenchromatographie verwendend einen stark 
sauren Kationenaustauscher ist. 



Revendications 

1. Amylase formant du maltohexaose et du maltoheptaose pouvant etre obtenue a partir d'un microorganisme du 
genre Alcaligenes qui a I'activite de former a partir de I'amidon une composition oligosaccharidique, dont les com- 
posants individuels majeurs sont le maltohexaose et le maltoheptaose, cette amylase n'hydrolysant substantiel- 
lement pas le maltohexaose, le maltoheptaose et un oligosaccharide de masse moleculaire plus faible que le 
maltohexaose. 

2. Amylase selon la revendication 1 , qui a les proprietes physico-chimiques suivantes : 

(1) Action 

Action sur I'amidon avec formation d'une composition oligosaccharidique, dont les composants individuels 
majeurs sont le maltohexaose et le maltoheptaose, mais n'hydrolysant substantiellement pas le maltohexaose, 
le maltoheptaose et un oligosaccharide de masse moleculaire plus faible que le maltohexaose ; 

(2) Masse moleculaire 

Environ 43 000 ± 3 000 daltons, determinee par electrophorese sur gel de polyacrylamide en presence de 
dodecylsulfate de sodium (SDS-PAGE) ; 

(3) Point isoelectrique (pi) 

Environ 7,6 ± 0,5, determine par isoelectrophorese en utilisant un ampholyte ; 

(4) pH optimal 

Environ 5,0 en presence d'ions calcium ; 

(5) Temperature optimale 

Environ 70°C en presence d'ions calcium ; 

(6) Stabilite au pH 

Stable a un pH d'environ 4,5 a 10,5 en presence d'ions calcium ; et 

(7) Stabilite thermique 

Stable jusqu'a une temperature d'environ 60°C en presence d'ions calcium. 

3. Procede pour la production de I'amylase selon la revendication 1, qui comprend la culture, dans un milieu de 
culture nutritif, d'un microorganisme capable de former I'amylase, et la recuperation de I'amylase formee a partir 
de la culture. 

4. Procede selon la revendication 3, dans lequel ledit milieu de culture nutritif ne contient pas plus de 20 % en masse/ 
masse d'amidon, par rapport a la matiere seche, et la culture est effectuee a une temperature de 10 a 40°C, un 
pH de 5 a 8 et une concentration en oxygene dissous de 0,5 a 20 ppm pendant 1 0 a 1 00 heures. 

5. Microorganisme, Alcaligenes latus D2271 (FERM BP-4578), qui a ete depose aupres du National Institute of 
Bioscience and Human-Technology Agency of Industrial Science and Technology, 1 -3, Higashi, 1 chome, Tsukuba- 
shi, Ibaraki-ken 305, Japon, et est capable de former I'amylase selon la revendication 1 . 

6. Procede pour la production d'une composition de saccharide contenant du maltohexaose et/ou du maltoheptaose, 
qui comprend : 

(a) la soumission d'un amidon a Taction de I'amylase formant du maltohexaose et du maltoheptaose selon la 
revendication 1, en presence ou non d'une enzyme hydrolysant les points de ramification de I'amidon, pour 
former du maltohexaose et/ou du maltoheptaose ; et 

(b) le recueil de la composition de saccharide obtenue contenant du maltohexaose et/ou du maltoheptaose. 
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. Procede selon la revendication 6, dans lequel I'etape (a) contient en outre une etape d'elimination des saccharides 
concomitants du melange obtenu dans I'etape (a). 

. Procede selon la revendication 7, dans lequel I'etape d'elimination est une chromatographie sur colonne utilisant 
un echangeur de cations a forte acidite. 

. Procede selon I'une quelconque des revendications 6 a 8, dans lequel I'etape (a) est effectuee par soumission 
d'une solution contenant environ 5 a 45 % en masse/masse dudit amidon a Taction de I'amylase, en une quantite 
d'environ 0,5 a 20 unites par gramme d'amidon, par rapport a la matiere seche, a un pH de 3 a 8 et a une tempe- 
rature de 40 a 90°C pendant 1 a 100 heures. 

0. Procede pour la production d'une composition de saccharide contenant du maltohexaitol et/ou du maltoheptaitol, 
qui comprend : 

(a) la soumission d'un amidon a Taction de I'amylase selon la revendication 1 , en presence ou non d'une 
enzyme hydrolysant les points de ramification de Tamidon, pour former du maltohexaose et/ou du 
maltoheptaose ; 

(b) Thydrogenation de la composition de saccharide contenant du maltohexaose et/ou du maltoheptaose en 
maltohexaitol et/ou maltoheptaitol ; et 

(c) le recueil du maltohexaitol et/ou maltoheptaitol forme. 

1. Procede selon la revendication 10, dans lequel I'etape (a) est effectuee par soumission d'une solution contenant 
environ 5 a 45 % en masse/masse dudit amidon a Taction de I'amylase, en une quantite d'environ 0,5 a 20 unites 
par gramme d'amidon, par rapport a la matiere seche, a un pH de 3 a 8 et a une temperature de 40 a 90°C pendant 
1 a 100 heures. 

2. Procede selon la revendication 10 ou la revendication 11, dans lequel T etape (b) est effectuee par addition d'une 
quantite d'environ 8 a 10 % en masse/masse de nickel de Raney a la solution obtenue dans I'etape (a) et par 
chauffage du melange ainsi obtenu a 90 - 140°C et sous une pression d'hydrogene de 20 a 150 kg/cm 2 . 

3. Procede selon Tune quelconque des revendications 10 a 12, dans lequel I'etape (b) contient en outre une etape 
d'elimination des saccharides concomitants du melange obtenu dans I'etape (b). 

4. Procede selon la revendication 13, dans lequel I'etape d'elimination est une chromatographie sur colonne utilisant 
un echangeur de cations a forte acidite. 
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FIG.1 
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FIG. 2 
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FIG. 3 
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